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ABSTRACT: 

PURPOSE: To inexpensively produce an Nb-containing ferritic steel sheet 
excellent in workability, high temp, proof stress, and corrosion resistance by 
applying specific age treating annealing, cold rolling, and finish annealing to 
a hot rolled plate of a steel having a specific composition consisting of C, Si, 
Mn, P, S, Cr, Nb, N, and Fe. 

CONSTITUTION: A Steel stock, which has a composition consisting of, by weight, 
iU0.03% C, iU2.0% SLl. iU2.0% Mn, iU0.1% P, 4-30% Cr^ 0.1-1.0% Nb^. iU0.03% N, 
and the balance Fe with inevitable impurities and further containing, if 
necessary, one or more kinds among 0.03-3.0% MO. 0.03-1.0% CO, 0.03-1.0% CO, 
iU6.0% Al, and 0.005-1.0% REM or one or more kinds among 0.03-0.2% Ti, 0.03-0.2% 
Zr, and 0.03-0.2% V, is hot - rolled . The resulting hot rolled plate is subjected 
to age treating annealing at 650-900iaC for l-30hr and to cold rolling at 
50-85% draft. Then, the cold rolled sheet is finish -annealed at 800-930iaC for 
iUlOmin. 
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[ffi^] C : 0.03wt%lilT. Si : 2.0 wt%mT. M 
n : 2.0 wt%OT. P : 0.1 wt%IilT. S : 0.0 

Swt^OT, Cr : 4— 30wt%. Nb : 0.1 — 1.0 w 

t%. N : 0.03wt%OT^-^*L, SgE**Fet3 J: 

u-^Tqmm^nm- a, ^ s l a , 65 

0 —900 ■'CCO?SSIIHT-l~30B#Pa«^-ri.^»JMM 
T-800 —930 °C(7)iaSKHn0^JilTift^-r-S.ft±ffM 



1000 




600 700 800 900 1000 



1 

[tt*JBl ] C : 0.03wt%]aT. Si : 2.0 wt% 

Mn : 2.0 wt%I.:J.T. P : 0.1 wt^OT. 

S : 0.03wt%tJlTs Cr : 4--30wt%. 



Nb : 0.1 —1.0 wt%. 



N : 0.03wt%mT^**" 



TalJiffiL^^cf*. 650 —900 T:^oigJKIiHT-i— 30B§raffi 

?^rHlJEE®L . Ik^^^TSOO —930 Ci7)fiJ^4EH'tlO*lilT 

[tmm2 ] C : 0.03wt%iaJlT. Si : 2.0 wt% 

KIT. 

Mn : 2.0 wt%mT. P : 0.1 wt^OT. 

S : 0.03wt%mT. Cr : 4— 30wt%. 

Nb : 0.1 —1.0 wt%. N : 0.03wt%tJlTSr^^ 

mi±mLfzm. 950 — noo^cco^^siEHTio^^mrtffift 

85%<7)JET*T-?^rajIffiL. <%\^Xm —930 ^CcOVj^K 

[ff^JlB ] C : 0.03wt%l.:tT. Si : 2.0 Ht% 

Mn : 2.0 wt%I.:J.T. P : 0.1 wt%OT. 

S : 0.03wt%mT. Cr : 4— 30wt%. 



Nb : 0.1 —1.0 wt%. 



N : 0.03wt%iy.T^#^ 



mm^^fdik. 650 —900 Cc^OS^IeHTa- 30B#ra1ffi 

mmTio6^^a\Hun^^wi:^^Btm^n^\ -^^^50- 

85%c:OJET*T-7^ra1J±®L. ^j^V^T^-SOO —930 ^C^?:)^^ 

igfflTlo^^l^JlT^sRr^^tt±^fM^^&^T^ t ^j^®^ 

Mc^M^i&^^i^C : 0.03wt%iy.T. Si : 2.0 wt 

Mn : 2.0 wt%I.:J.T. P : 0.1 wt%l.:JlT. 

S : 0.03wt%l.:JlT. Cr : 4— 30wt%. 

Nb : 0.1 —1.0 wt%. N : 0.03wt%\;Xr't'k^. 

t}^-)no : 0.03—3.0 wt%. Co : 0.03—1.0 wt%. 

Cu : 0.03—1.0 wt%. AI : 6.0 wt%l.:JlT. 

REM : 0.005 —0.1 wt%</)d ^^^i^Mlftl^ imtfdi 

McO^^iMit^C : 0.03wt%OT. Si : 2.0 wt 



Mn : 2.0 wt%OT. 
S : 0.03wt%l.:JlT. 
Nb : 0.1 —1.0 wt%. 
^^^Ti : 0.03—0.2 wt%. 
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P : 0.1 wt%J.:JlT. 
Cr : 4— 30wt%. 
N : 0.03wt%mT^'^<^. 
Zr : 0.03—0.2 wt%. 
V : 0.03—0.2 i^t%<7yd^t^i^Ml^tl^ imtfzlt2m 

«i7)jic:53*ffij3c5&^'C : 0.03wt%J.:JlT. Si : 2.0 wt 

10 %aT. 

Mn : 2.0 wt%l.:JlT. P : 0.1 wt%mT. 

S : 0.03wt%j;JlT. Cr : 4— 30wt%. 

Nb : 0.1 —1.0 wt%. N : 0. 03wt%mT^#^. 

tf^-DHo : 0.03—3.0 wt%. Co : 0.03—1.0 wt%. 

Cu : 0.03—1.0 wt%. Al : 6.0 wt%I.:JlT. 

REM : 0.005 —0.1 ^1%^-^;^^ § A,t3Ti : 0.03—0.2 

wt%. Zr : 0.03—0.2 wt%. 

V : 0.03—0.2 wt%codht^^miiti^ inttii±2m 

[0001] 

ucommyjmi^zm^ . tKizm^^BiM^mcoi&T^i^:^- 

[0002] 

[Se^RcOSffi] Nb5-^SllL:^c>^x^>f filfi. Ti^ 

mM\^z^m^tix\^h . :Lcom. nh\±^ mcom-M.^^ 

(^mmzm ^x. mM\±-mz. fflwfjux. timwM 
TM(^mm^^MT.^%nhfz^. ^fi^MT.izmx_o^ 

40 'fmizx^m^^BLfzAmrQ^mm^fit. 

[0003] ^ ±MtLfzT i . Z r JasJPiitt. ^ 

17 7 O-^&lgtCfi. T 1 JaSilDMTS 3 O^C. S-^XU 

mm-t^btK ^fzWihmms^ (1 9 7 9) mm- 

Zr'mwy :^y4 V^x'ry\yxmxQ>3 0 xz. 
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[0004] ^MzMLX. mrlEN bgsjD«|{±l«v-.«vS 

ffi*^'S)-§>o MilJf, #i^BS6 1-5101 2#i:^|g(cfc 
V «i . 9 0 0 "CiilTOftitm Stf iiBi^H^H^^ h =3: 
•9 , ^?gtt*«Vihc7)IStt*^ !^^^5 — 2 7 9 8 0 5 
-ti^ffit;«. C r^^fi^5.5 —9.5 wt^tcLt, 9 5 

<2i-E59-5222 e-^iljIgTIi, jfi:fettt*]±«/^^feN 
b StjSsJD LT K^h^K msm^ 1 0 0 0 °C-C'MliE t -C. 10 

i^mmc^mm^ 950 r t^t o 7t t ^012(6*^3^ ^ . 

[00 0 5] 

[ L j; d t- & iSffi ] mJia^/i i 3 , N 

$ri>/s^>-rRffi, Ti, zrmmizitLxmm^-i&m 

*n 0 o"'c^s4i±#-ri.„ io/cft. Nb?^SD7x5 

[0 0 0 6] -?-<IT\ 2^%HBc0gWJ±. Nb^^Bt/c 
[0 0 0 7] 

m^'^&lz^±mm^^%msmm■6^^^^ .r t^t'<m 

[0008] *^BJ!{i. ±IB^0»M2:*Mt:L/cTiao 

(1) C : 0.03wt%OT. Si : 2.0 f^XlTf . M 

n : 2.0 wt%J.:J.T, P : 0. 1 wt%IilT, S : 0.0 

3wt%i^X¥. Cr : 4— 30wt%. Nb : 0.1 —1.0 w 

t%. N : 0.03wt%tJlTS:#^-L. aSEA^Fefc j; 

tPFBrjgW^ft3&^^=5rl.ii*W^3KSlSffffiLJtf*, 65 50 
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0 ~9oo "ccnM^mx'isommim-i-^mi^mmm 

lifiSrfiVi, ^c7)f*50--85%«J±T*T-f^rBlJ±5Et, <!K\,^ 
XWO —930 °CcO?S^tEffl-C-10^^iy,Tf*t§-r-l>ft±(fM 

M2^^T^^i;^#jlh-r■g.Nb#^7x^^ hmu^om 

[0009] (2) C : 0.03wt%]J]lT. Si : 2.0 

wt%OT. Mn : 2.0 wt%]ilT, P : 0.1 wt%ia 

S : 0.03wt%tJlT. Cr : 4— 30wt%, Nb : 

0.1 —1.0 wt%, N : 0.03wt%lilT^-^^L. S 

LJtf*, 950 — 1100°C<7)S^*ESlT107i-I.J[|^ffijtt-SB 
M^MMS: I \ § t650 — gOO-CcO^SJKffifflT 1 —3 
0!l#rHlffi}#-rSB#S*»ltm^^fl'\ ^C0f*50-85%CO 
J±T*TJ^PBlJ±ffiL. <*:UT'800 —930 °C«?a^|l|f 

io^OT«^T.i.tt±(f Mie^tr a ^ t ^wi4fc-r-& n 

[ 0 0 1 0 ] (3) C : 0.03wt%i.:ilT. Si : 2.0 

wt%OTs Mn : 2.0 wt%OT. P : 0.1 wt%m 

T, S : 0.03wt%tJlT. Cr : 4— 30wt%. Nb : 

0.1 —1.0 wt%, N : 0.03wt%JilTSr-#^L. S 

L/tt^. 650 —900 ''Ccrm^mmTl'-'3(mT^Wth 
BfJilWlIl'MM^^TVV ^ii(C800 — 970°C^O?a)StElllTl 
0^^i^J[rt«ft-f-§ B?^SM#6^^f V \ ^cOf*50-85%« 
ffiT*-CJ#^ffiMt. <5s:V^-C-800 —930 "CtfOjaffiffiHT' 

[00 1 1 ] (4) ±iE(l) —(3) tfOV'i-mA^l-^tCiJl-i 
*^Jc7)j3E:5>ffi^*^C : 0.03wt%JaJlT, Si : 

2.0 wt%I.:j.T. Mn : 2.0 wt^OT, P : 0.1 wt 

S : 0.03wt%OT. Cr : 4— 30wt%, 

Nb : 0.1 —1.0 wt%. N : O.O^MtXVXVi:-^?).^ 

*^-oMo : 0.03—3.0 wt%, Co : 0.03—1.0 wt%. C 
u : 0.03—1.0 wt%, Al : 6.0 wt%OT, REM : 0.0 
05 —0.1 v>t%<r>^ioti^(^m\lixh l«*?t{i2«m± 

xhi> N b -^^7 X ^ ^ vmw.<^m'&-)jm. 

[00 12] (5) ±ia(l) —(3) iOV^TtL^n-OtCiJV^ 
T, ««c?DjS^a«^**C : 0.03wt%mT, Si : 

2.0 wt%IilT. Mn : 2.0 wt%JilT, P : 0.1 wt 

%iy.T, S : 0.03wt%OT. Cr : 4— 30wt%. 

Nb : 0.1 — 1.0 wt%. N : Q.(Bwt%VXr^^?9-^ 

*^-3Ti : 0.03—0.2 wt%, Zr : 0.03—0.2 wt%. 
V : 0.03—0.2 wt%«oa*>yf)^^>ffljmS iai7t(i2« 

[00 13] (6) ±iE(l) —(3) CDV^H'fit^lnliZiiU 
^«c7)fiK:5j-|il!c;6>C : 0.03wt%mT, Si : 

2.0 wt%mT, Mn : 2.0 wt%lilT, P : 0.1 wt 

S : 0.03wt%JilT. Cr : 4— 30wt%. 
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Nb : 0.1 ~1.0 wt%, N : 0.03wt%OT$"^^^, 

*>OMo : 0.03—3.0 wt%, Co : 0.03—1.0 wt%, C 
u : 0.03—1.0 wt%. Al : 6.0 wt%l.:J,T. REM : 0.0 
05 —0.1 wt%2r^;^. ^(btCTi : 0.03—0.2 wt%. 
Zr : 0.03—0.2 wt%. V : 0.03—0.2 wt%c7) 3 *>*^^> 

[0 0 143 

mLti^^cr)m^mimt/m2i,z^-t. mm. 14.9 

wt%C r-0.48wt%Nb 1 Oii3 ) i^N b-^#7x 

1 0 h r<7:)m^mmm-^s.Tm8o%cr)i^?s\mm-^M 

»2mmc7)}^m^tt±ff«#E) ^:^ae*a ( SmmtfOSft 

980'CX3min iO'M#e^J±T* 8 0 ^tO^^rsT 

^wmi'zxmf. ±iiifzm^^mmm&\mziyy 20 

[0 0 1 5] ^Tt. H2{i:. 1 5wt%C r 
-f >'P;^iM (C : 0.008 — 0.012wt%, Si : 0.8 —0.9 w 
Mn : 0.2 —0.3 wt%. P : 0.031 —0.035 wt%. 

S : 0.002 —0.005 wt%, N : 0.005 — O.OlOwt %) 

3mm<^mW^^ 9 8 0°CX 1 m i nW^^¥t^8 0 

O^CX 1 0 li r i7)B#^jEn;ilMM^I±T*8 0%iOf^^J± 
g^J^liS ^ ft±tf M#E ) t ( 5 m m a^WmM^ 30 

9 8 0 — 1 0 0 0°Cx3m i nC0M#fi^J±T*8 0 %<:0 

m-^iztiift . N b?^DMt f±±tf M#E^^^s^sa?ajs 

Ji. HI fcS^-r ± 5 =5rft±tf ( ^i^^ 1 m 1 

^mt^ (iiiT. lit) i.coxhi.. 
[0 0 16] m2-/i^h. ^mx-ii. Nh&i)^mi^i,z 

-Zitl. S*SB%va*ij±#L, 0.1 wt%ONb^aT-{i9 

5 0 °C , 0.6 wt%CO N b Xli 1 0 0 0 °C@S£?DBISS?a 40 

m^z^xhco^zML. ^WMmn. Nb^^mzx^-rm 
[0017] zc^xo^z. mmm^mmLtz^^mcT) 

tt<73ffiT*m-t;$ix/^. L*»L, f^izE-rs ctotc, 
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tt. lS}att:il. iifAtttct5UT#*ro-trXWi;|H]«^: 
[0018] 3p;^BJ1Ois0 J; -5 ^rS&Sii , ^^mmi^c^ 

mmm^^mm^z x i, mmt^n^ ^m^zhx'^^^n.tzh 
(r>x'h D , ^<r>Tii^ v b ti. mmsmm<mmm^k^ 

wism^^miEtizmm-th ^ t * s , iie^naicr^v ^ 
x<r>mmmmi±i&-f t ^.pHflSit/t-btt-c-ti^rv^;*^ 
j^®ffi<7)BiSH^aaKo KT{± , mMM.\<z^-^-thmm 

N b ^ nT&e^tcM.^^S -tt^ i i; J; -C, J^^cO^iS 
4^ tcf/f£iit- -g> N b i> njse^ tcaii-" $ -It S i t Ai-BJtg h ^ 
-o i h J: -) T ^ >t A, ^ i> COT' S h # ;t T t ^ 

[00 19] ^^(C, *^HIit;*5V>T. Nb#^r7x5-^ 
C : 0.03wt%l:lT 

c{±. tmX'K. MS'It. W:ttt(;^WT-S)^/iisb, o.03 
wt%lilT, ff^ L<i±0.005 wt%t-rS. 
[0 0 20] Si : 2.0 wt%tJlT 

s i{i, mmtmz-^^^^jtmxh'o . ±fz. nmnm 
n:^'Mzx i>w»7mmzMLx ij^m^^jumxh^o 
L^^i^t, 2.owt %^mttkMT.m^-{trt<^x. 2. 
0 wt%i:jTcommxm}i-th. ^a. ntL\>^mnmii 
0.7 —1.3 wt%-rdfe-5.« 

[0 0 2 1 ] Mn : 2.0 wt%KJlT 

MnJi:. 2.0 wt%^@^.g, fc^-ftb. SDXttA^mt-'g. 
fc*^. 2.0 wt%OT, »^L<ii0.5wt%mT. $^>tC 

[0022] P : 0.1 wt%tJlT 
P{±, JlIieS:*Ml:$-li:S7f;*T-*.'9. 0.1 wtX^mx. 

^kmiz^iomm^mm<,z^j:i>cox\ 0.1 wt%OT, » 

tL<m. 04wt%tJlT i: ^§ . 
[0023] S : 0.03wt%OT 

S{±. JUXttSr^Mb^it-g-TcSt-^fcO. 0.03wt%£^^ 

htm>,zicr,m^tmm^zKs:^!^x\ o.o3wt%jiiT. m- 

^ L < (iO. 01wt%mT k-th. 
[ 0 0 2 4 ] Cr : 4 — 30wt% 

cr{4, mmimiixum-^'&i^\«\±.^^hfz>f^t,z^w} 
^TimxhK). 4wt%^mcomiimx'i±mu (mni9 

5 or.) izi3i,fmmitmmux^^j:<^j:^. -ih. 
3 0\^t%^mthkm<omiti:i^mL<ti:^. mmm^m 

Vcthfz, Ltzti^-oX. Cr«oas[llI»{±4— 30wt%, ftft 

L < {± 1 0 — 2 0 wt%f7JiEH k-t^o 
[0 02 5] Nb: 0.1 —1.0 wt% 

*7c;*T$>S„ 0.1 wt%*SlT{±-^coS!l***'+^-C{i^t 
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—1.0 wt%. MtL<m3 —0.6 wt%cr>mmt'ti>. 

[0 0 2 6] N : 0.03wt%l:J[T 

Nfi:. jinxtt. ^tffitt. m^mz^^mx'h^fz^. 0.03 

wt%mT. iift L<(^0.010 wt%mTtt-^o 

[0 0 2 7] Mo : 0.03—3.0 wt% 
5^j^'^<. i!iffJc7)f35Mi:iIDXe5rmS-^^/t^56. 0.03— 

3.0 wt%cr)mm. ^tL<m.i —1.3 wt%commTm 10 

[0 0 2 8] Co : 0.03—1.0 wt% 

xmt}-t^. mMAm.o?Mt%Mnxi±^mfj^tp<. 1. 

0 wt%^Sg;tTfSSDtTi>5JlM35?^'iaW-r^:^c^. 0.03— 
1.0 wt%. L<(i:0.06-0.3 wt%^0*EHIi: t"^ o 
[0 0 2 9] Cu : 0.03—1.0 wt% 

m^zmtx mM § ix ^ . ^ m^m . 03wt %*iSTi ^ s^s 

:^j^"^c < . mmcoiM\\m\\i:ji & b ^-^^fz^. 0 . 03— 20 
1.0 wt%c?)iEiii. if^L<fio.i —0.8 wtxcommx-m 

[0 0 3 0] Al : 6.0 wt%aT 

hcr)X\ 6.0 wt%iy.T^^|gH. i?^L<«ii.o— 3.0wt 

{i. A imL^V-i:i#^t3{i0.0lHt%mTT$)»9. ^ 
yt:. ^f^tCAimt-^^'&tCtiiO. 01-0.1 wt%@S#^r 
UT^iV^. 30 
[0 0 3 1 ] REM : 0.005 —0.1 wt% 

Ki:07t:^P&l:iftt'^>.. -i7)7U^Ji. 0.0050wt.%jy.±(7) 

t-^t. SiPHlJlDXftc0ffiT^#S<:^^d6. 0.005 —0.1 wt 

%. if^ L<fi0.005 — 0.04wt%c^iEHT-»'r^o 
[0 0 3 2] Ti : 0.03—0.2 wt% 

o.2.wt%^®iT?3^JnLTt^. mw,mmyti>(^ 40 

T\ 0.03—0.2 wt%. if^ L<{±0.05— 0.15wt%c7)tg|ll 
T'J^JjD^^o Ti+Zr-hV<7)'^ft»i: LT0.03— 0. 

[0 0 3 3] Zr : 0.03—0.2 wt% 

$-^I.S!J:^5&^S)I)o 53^ilPa^^ 0.03wt%*iST1i^<7:)^ 
*)^?^^^<. ^:Jr, o.2.wt%^0^T^^.apLTi>. 5>fj:^^^^ 

mm-h(nX\ 0.03—0.2 wt%. ifiL<(i0.05— 0.15 
TO. 03— 0.2 wt%^7)lillli;^'&^0*UV^o 50 
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[0 0 34] V : 0.03—0.2 wt% 

^^thtmmyh. mmtK o.o3wt%*iiTii^<:os& 

S^^>5r<. — 0.2.wt%^M^T^^JiJLTi>. ^Jj:^:^?^' 
ISftf 0.03—0.2 wt%. |fiL<fi0.05— 0.15 

T0.03— 0.2 \^t%(r>mMt^t(r)ifX^^. 
[003 5] mz. ^^HJti^l^T. 

m.(7^hi6y) \^zmMLfzmM{z-:>\^x%m^h . 

a3{i. C : 0.007 wt%. Si : 0.85wt%. Mn : 0.39 

wt%. P : 0.035 wt%. S : 0.004 wt%, Cr : 14.7wt 
Nb : 0.48wt%. N : 0.008 v^t%t^C:>t^:h\^h^^y x. 

hmmmu^. \^%mmmm ammm i o h r ) 

i^mt comm^m'<-fz i> coxh h . 
[ 0 0 3 6 ] 03 (c^^ix^ i d (c. mmmi^miz\± 

mmm^mtK e^o^cMnxh. 9oo^c^0^t 
hm^amm^^^^^fz^. 6 5o— 9oo*c<7)?^jKig 
lat^-r^^^^;^?^*^^'!^. n.v^jg«Eiai^7 0 0 

mhxhm^i^m^L. ^:xvmz^^hfznxhhfz 

mmmmm\±mm^±mmzm^± fzi±%mm^zi: ^t^t 
->Ti>. %m%mzx->xn-:>xh x\^. 
[0 0 37] -mt^umm 

i^mucoMJi^h < \^zc^^(7:>m'^'k—mmi^h ^ t ±^ 
x^ h o m^m.(mm^niM^\^M^^x'^oifsmh l 

[0038] ^^^nmt(nmmm±. xiB^^^^t^ 

9 5 0 — 1 1 0 0°C. ift L <{±1 0 5 0 — 1 1 0 
0 r t r ^ ^ t t;i J: T . JPXl4^oe5# t-H^ ^ i: A^'T' 
9 5 0^C*JSi7)?^Tii:. W^Wmm 

M^^H-ii-^. — 1 1 0 or^^@^>^tt^tc{i. ®B§Pal 

ffiT-r^^^:)r. 8 0 0 — 9 7 or. 5f^L<{i8 5O0 
i.— 9 7 0r^'r'^^:^^ci:oT. JPXttc?)Bjj#&EI^ 
cl i: h . ^t^h%. 8 0 0 r^acOfjSJgTi^. IS 
9 7 0r^«g;?.SJl^t3{i. 
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[0039] ^fz. V ^-rticot^iz h . w^ihrnmc^m 

[ 0 0 4 0 J • J^^J±ffi 

mmmzmmmi^mh i. ^^limzm^^B^nm^m tit 

5 0—8 5%cr)S±Tmx'i^mi±M-t& ztdzx-ox lo 
m^Sii^&mmmzi&T-t h . i%ms.Tmti^ 5 o %* 

^Bm^i^—l,zyj:i^-r, MJMtm^. — J±T**'8 
Mi^j±T*{±5 0'-8 5%fc^S„ ^ii. ^^^relffiT**^' 

m»\iz^£htwm^Bi§Lm.imrL^^^m{iiii. mx^ti 

mt. mmm<om^msmmmi>z-§^n^LfzmmNh 

[0 04 1] -ttitf^EiE 
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